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Background: Molecular detection of Middle East respiratory syndrome coronavirus (MERS- 
CoV) using real-time reverse transcription (rRT)-PCR assays is the method of choice for 
diagnosis of MERS. We evaluated the performance of the PowerChek MERS (upE & ORF 1a) 
real-time PCR Kit (PowerChek MERS assay; Kogene Biotech, Korea) a one-step rRT-PCR 
assay for the qualitative detection of MERS-CoV. 


Methods: We evaluated PowerChek MERS assay performance in comparison with nested 
RT-PCR and sequencing of the RNA-dependent RNA polymerase (RdRp) and N genes. 
To evaluate diagnostic sensitivity and specificity, 100 clinical specimens (50 positive and 
50 negative for MERS-CoV) were simultaneously tested by using the PowerChek MERS 
and sequencing assays. Assay performance, including limit of detection and precision, 
was evaluated in vitro by using MERS-CoV RNA transcripts. Analytical specificity was eval- 
uated with a diverse collection of 16 respiratory virus—positive clinical specimens and 14 
respiratory bacterial isolates. 

Results: The 95% limits of detection of the PowerChek MERS assay for the upE and the 
open rading frame (ORF)1a were 16.2 copies/uL and 8.2 copies/UL, respectively. No cross- 
reactivity was observed. The diagnostic sensitivity and specificity of the PowerChek MERS 
assay were both 100% (95% confidence interval, 91.1-100%). 

Conclusions: The PowerChek MERS assay is a straightforward and accurate assay for de- 
tecting MERS-CoV RNA. The assay will be a useful tool for the rapid diagnosis of MERS 
and could prove especially important for MERS outbreak control. 
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INTRODUCTION 


For effective control of potential outbreaks of Middle East respi- 
ratory syndrome (MERS), highly sensitive and specific labora- 
tory diagnostic tests are needed. Nucleic acid amplification as- 
says are the method most widely used to provide laboratory 
confirmation of MERS [1]. MERS cases are routinely confirmed 
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based on the detection of unique MERS coronavirus (MERS- 
CoV) RNA sequences by real-time reverse-transcription (rRT)- 
PCR, with confirmation by nucleic acid sequencing when nec- 
essary [2]. The WHO recently published updated interim rec- 
ommendations for MERS-CoV laboratory testing and recom- 
mends an rRT-PCR assay targeting the envelope (upE) gene for 
screening, followed by confirmation with an assay for the re- 
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gions encoding either the open reading frame (ORF)1la, ORF 1b, 
or the nucleocapsid protein (N). For sequencing, two target 
sites on the MERS-CoV genome, the RNA-dependent RNA 
polymerase (RdRp) and N genes, are suggested [2-4]. 

Although commercial rRT-PCR assays for MERS-CoV detec- 
tion have been developed by several manufacturers, including 
Altona Diagnostics, Fast Track Diagnostics, and Primerdesign 
Ltd., studies validating diagnostic performance using authentic 
specimens are lacking [5, 6]. 

We evaluated the analytical performance and clinical applica- 
bility of the PowerChek MERS (upE & ORF 1a) real-time PCR Kit 
(PowerChek MERS assay; Kogene Biotech, Seoul, Korea). The 
PowerChek MERS assay is a recently developed one-step rRT- 
PCR assay for the qualitative detection of MERS-CoV-specific 
RNA that has received Conformity Europe-/n Vitro Diagnostic 
(CE-IVD) and the Ministry of Food and Drug Safety (MFDS) of 
Korea approval. Probes specific for the upE, ORF1la, and inter- 
nal control regions are labeled with the carboxy-fluorescein 
(FAM), 6-carboxy-4’,5~-dichloro-2’,7’-dimethoxy-fluorescein 
(JOE), and indodicarbocyanine (Cy5) fluorophores, respectively. 
This assay has been previously evaluated with only small num- 
ber of clinical specimens [6]. This report presents the results of 
a performance evaluation of the PowerChek MERS assay using 
clinical respiratory specimens. 


METHODS 


1. Clinical specimens 

The Institutional Review Board of the Samsung Medical Center, 
Seoul, Korea, approved this study. For analysis, 100 clinical re- 
spiratory specimens (90 sputa and 10 nasopharyngeal swabs) 
were collected from 100 different individuals from June to July 
2015. Fifty specimens were obtained from symptomatic MERS- 
positive patients, and the remaining 50 were obtained from as- 
ymptomatic MERS-negative healthcare workers who were under 
active monitoring. 

Total nucleic acid was extracted by using the QlAamp DSP Vi- 
ral RNA Mini kit (Qiagen, Hilden, Germany), according to the 
manufacturer’s instructions. A total of 140 UL of specimen was 
used, and the RNA was eluted in 50 ul and stored at —70°C 
until testing with the PowerChek MERS and sequencing assays. 


2. PowerChek MERS (upE and ORF1a) real-time PCR, RdRp, 
and N gene sequencing assays 


MERS-CoV RNA was detected by using the PowerChek MERS 
assay for amplification of upE and ORFla. The primers and 
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probes were used according to the previous study [3]. All rRT- 
PCR reactions were performed by using the 7500 Fast Real- 
Time PCR System (Applied Biosystems, Foster City, CA, USA). 
The PCR reaction was performed in a total volume of 20 uL (15 
UL PCR reaction mixture and 5 uL template RNA). Thermocy- 
cling conditions were as follows: 50°C for 30 min, followed by 
95°C for 10 min, and then 40 cycles of 15 sec at 95°C and 60 
sec at 60°C. Viral template—positive controls and no-template 
controls were included in each run. The glyceraldehyde-3-phos- 
phate dehydrogenase (GAPDH) gene was amplified simultane- 
ously as a heterologous endogenous internal control to monitor 
PCR inhibition and specimen quality. A positive test result was 
defined as a well-defined exponential fluorescence curve that 
crossed the threshold <37 cycles, <38 cycles, and <35 cycles 
for the upE, ORFla, and GAPDH genes, respectively. 

Nested RT-PCR and sequencing targeting the RdRp and N 
genes were performed for confirmation, according to the previ- 
ous protocols [4]. Briefly, the first round of RT-PCR for the two 
genes was performed by using the primer sets described in the 
previous report. A second round was conducted if no product 
was visible by agarose gel electrophoresis after the first round 
[4]. PCR products were sequenced by using a 3730 DNA ana- 
lyzer (Applied Biosystems). 


3. Analytical performance of the PowerChek MERS (upE and 
ORF1a) real-time PCR Kit 

MERS-CoV RNA transcripts were synthesized in vitro from the 
T7 promoter, as previously reported [7] and were used for ana- 
lytical performance evaluation. The limit of detection (LOD), the 
point at which 95% of the replicates of a given viral load are de- 
tected, was determined by using in vitro RNA transcripts diluted 
in nuclease-free water. Serial dilutions were analyzed, with 20 
replicates per dilution. Probit analysis was used to determine 
the 95% LOD. Reproducibility, repeatability, and lot-to-lot preci- 
sion were determined by using three concentrations (50, 150, 
and 300 copies/uL). Reproducibility was calculated by testing 
duplicates of each concentration in a single run for five days at 
two different test sites. Repeatability was calculated by testing 
duplicates of each concentration in a single run for 20 days. 
Lot-to-lot precision was accessed by testing duplicates of each 
concentration in a single run for five days using three different 
lots. Assay specificity was evaluated with nucleic acids obtained 
from a diverse collection of 16 respiratory virus-positive clinical 
specimens and 14 other respiratory bacterial isolates (13 refer- 
ence strains and one Clinical isolate; Table 1). 
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Table 1. Analytical specificity of the PowerChek MERS (upE and 


ORF 1a) real-time PCR Kit 
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Table 2. Analytical sensitivity of the PowerChek MERS (upE and 
ORF 1a) real-time PCR Kit 


Microorganism Source pe 
MERS assay 

Viruses 
Adenovirus Clinical specimen* Negative 
Bocavirus Clinical specimen* Negative 
Coronavirus 229E Clinical specimen* Negative 
Coronavirus 0C43 Clinical specimen* Negative 
Coronavirus HKU1 Clinical specimen* Negative 
Coronavirus NL63 Clinical specimen* Negative 
Human enterovirus Clinical specimen* Negative 
Human metapneumovirus Clinical specimen* Negative 
Human rhinovirus Clinical specimen* Negative 
Influenza A Clinical specimen* Negative 
Influenza B Clinical specimen* Negative 
Parainfluenza 1 Clinical specimen* Negative 
Parainfluenza 2 Clinical specimen* Negative 
Parainfluenza 3 Clinical specimen* Negative 
Respiratory syncytial virus A Clinical specimen* Negative 
Respiratory syncytial virus B_ Clinical specimen* Negative 

Bacteria 
Acinetobacter baumannii Reference strain (ATCC 19606) Negative 
Escherichia coli Reference strain (ATCC 25922) Negative 
Haemophilus influenza Reference strain (ATCC 9007) Negative 
Klebsiella pneumoniae Reference strain (ATCC 900603) Negative 
Legionella pneumophila Reference strain (ATCC 33156) Negative 
Mycoplasma pneumoniae Clinical specimen' Negative 
Mycobacterium tuberculosis Reference strain (ATCC 27294) Negative 
Mycobacterium avium Reference strain Negative 

(KMRC 00136-41011) 

Mycobacterium abscessus Reference strain (ATCC 19977) Negative 
Pseudomonas aeruginosa Reference strain (ATCC 27853) Negative 
Staphylococcus aureus Reference strain (ATCC 25923) Negative 
Staphylococcus epidermidis Reference strain (ATCC 12228) Negative 
Streptococcus pneumoniae _ Reference strain (ATCC 49619) Negative 
Streptococcus pyogenes Reference strain (ATCC 19615) Negative 


*Specimens that yielded positive results in two respiratory virus panel as- 
says: the AdvanSure RV real-time PCR Kit (LG chem, Seoul, Korea) and the 
Allplex Respiratory Panel 1, 2, and 3 (Seegene, Seoul, Korea); ‘Specimens 
confirmed by sequencing analysis. 

Abbreviation: KMRC, Korea Mycobacterium Resource Center. 


4. Diagnostic sensitivity and specificity of the PowerChek 
MERS (upE and ORF1a) real-time PCR Kit 

The diagnostic performance of the PowerChek MERS assay and 

the RdRp and N gene sequencing assay was compared by 

measuring the positive percent agreement (PPA) and negative 

percent agreement (NPA) values and kappa coefficients. The 
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N of detections/N of replicates (%) 
Concentration (copies/pL) 


upE ORFla 
100 20/20 (100) 20/20 (100) 
50 20/20 (100) 20/20 (100) 
25 20/20 (100) 20/20 (100) 
12.5 17/20 (85) 20/20 (100) 
10 18/20 (90) 19/20 (95) 


RdRp and N gene sequencing assay was considered the refer- 
ence standard method, and the diagnostic sensitivity and speci- 
ficity of the PowerChek MERS assay were calculated. 


5. Statistical analysis 

Statistical analyses were performed by using the VassarStats 
website (http://vassarstats.net/) and the SPSS software, version 
23.0 (SPSS Inc., Chicago, IL, USA). A P value <0.05 was con- 
sidered statistically significant. 


RESULTS 


Table 2 shows the analytical sensitivity of the PowerChek MERS 
assay. The 95% LOD of the upE and ORF 1a regions was 16.2 
copies/UL (81 copies/reaction) and 8.2 copies/uL (41 copies/re- 
action), respectively. Table 3 shows the precision results for the 
PowerChek MERS assay. In the reproducibility study, the CV 
ranged from 0.54 to 2.10%. The assay showed acceptable re- 
peatability, with CV results ranging from 0.54 to 2.11%. The lot- 
to-lot variation was acceptably low for all concentrations (CV 
range: 0.49-2.1%). No false-positive test results were obtained 
for any of these viral or bacterial isolates, but positive controls 
were readily detected (Table 1). 

A comparison of the results of the PowerChek MERS and 
RdRp and N gene sequencing assays is shown in Table 4. Both 
methods gave positive results for all 50 clinical specimens ob- 
tained from the symptomatic MERS-positive patients. For all 50 
specimens, the PowerChek MERS assay yielded positive reac- 
tions for both the upE and ORF 1a targets. The range of Ct val- 
ues for the upE, ORFla, and GAPDH targets was 17.69-32.63, 
19.22-34.27, and 18.51-31.17, respectively. Both methods 
gave negative results for all 50 specimens obtained from as- 
ymptomatic MERS-negative individuals. The two assays pro- 
duced concordant results for all 100 specimens, with a kappa 
value of 1.00. The diagnostic sensitivity and specificity of the 
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Table 3. Precision of the PowerChek MERS (upE and ORF 1a) real-time PCR Kit 


Mean Ct (% coefficient of variation) 


Target PALM EETT Reproducibility a Lot-to-lot variation 
(copies/pL) Repeatability 
Site 1 Site 2 Lot 1 Lot 2 Lot 3 
upE 50 34.40 (2.10) 34.40 (1.32) 34.74 (2.11) 34.40 (2.10) 34.45 (3.36) 34.40 (2.10) 
150 32.68 (0.89) 32.85 (1.19) 32.92 (1.06) 32.68 (0.89) 32.82 (0.97) 32.68 (0.89) 
300 31.91 (0.54) 31.99 (0.88) 31.97 (0.77) 31.91 (0.54) 31.98 (0.68) 31.91 (0.54) 
ORFla 50 33.93 (1.30) 33.90 (0.86) 34.07 (1.53) 33.93 (1.30) 34.14 (1.34) 34.04 (1.21) 
150 32.16 (0.79) 32.11 (0.63) 32.23 (0.77) 32.16 (0.79) 32.31 (0.77) 32.27 (0.49) 
300 30.88 (0.62) 30.78 (0.62) 30.91 (0.54) 30.88 (0.62) 30.85 (1.15) 30.98 (0.70) 


Abbreviation: Ct, Cycle threshold. 


Table 4. Comparison of the PowerChek MERS (upE and ORF 1a) real-time PCR Kit and the sequencing assay for the detection of MERS-CoV 


Subject characteristics 
Detection method Result Symptomatic Asymptomatic Total 
MERS-confirmed patients MERS-negative individuals 
PowerChek MERS (upE and ORF 1a) real-time PCR Kit Positive 50 0 50 
Negative 0 50 50 
RdRp and N gene sequencing assay Positive 50 0 50 
Negative 0 50 50 
Total 50 50 100 


Positive percent agreement, 100% (91.1-100%). 
Negative percent agreement, 100% (91.1-100%). 
Kappa coefficient, 1.00. 


Abbreviations: MERS, Middle East respiratory syndrome; RdRp, RNA-dependent RNA polymerase. 


PowerChek MERS assay were both 100% (95% confidence in- 
terval, 91.1-100%). 


DISCUSSION 


To date, various reports have been published on the efficacy of 
rRT-PCR assays for detection of MERS-CoV-specific RNA that 
target various regions, including the upE, ORFla, ORF1b, and 
N genes [3-5, 7-9]. The interim recommendations published by 
the WHO suggest that the upE assay be used for screening, fol- 
lowed by confirmation with one of the ORFla, ORF1b, or N 
gene assays [2]. Similarly, the US Centers for Disease Control 
and Prevention (CDC) developed and use an rRT-PCR assay 
composed of two independent PCR reactions; one assay (N2) 
combined with upE testing for screening, and a second assay 
(N3) for confirmation of positive results [7, 9]. Previous evalua- 
tions of the rRT-PCR assay used mock specimens spiked with 
cultured MERS-CoV or a small number of clinical specimens 
from MERS-infected patients [3-5, 7, 8, 10, 11]; this study used 
a total of 50 authentic clinical specimens from MERS-positive 
patients with various viral loads. 
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The PowerChek MERS assay could prevent misjudgment 
from sampling error, since it uses an endogenous internal con- 
trol. The use of endogenous internal contro! would be helpful 
than that of artificial targets, since the endogenous internal con- 
trol enables monitoring of not only the RNA extraction and re- 
verse transcription steps but specimen quality as well [12, 13]. 
Monitoring specimen quality is important because assay perfor- 
mance for detection of MERS-CoV is dependent on specimen 
quality [14]. 

The PowerChek MERS assay is both simple and efficient, re- 
ducing the workload required for diagnosis. For rRT-PCR, the 
assay requires mixing of only the premix and RNA, which re- 
duces the hands-on time and the risk of technical errors [5, 
15]. The turnaround time from RNA extraction to final result is 
3 hr. This rapid and simple testing technique would be espe- 
cially useful in managing a large MERS outbreak. 

Our study has several limitations. First, the PowerChek MERS 
assay was validated with only upper and lower respiratory speci- 
mens. Furthermore, the 50 clinical specimens from MERS-con- 
firmed patients were all soutum specimens. Although lower re- 
Spiratory specimens are the preferred specimen type for initial 
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MERS diagnosis because of their higher MERS-CoV load, rRT- 
PCR testing using other specimen types, including serum, 
urine, and stool specimens, is required in MERS-confirmed 
cases [2, 16, 17]. Thus, further study to evaluate performance 
using other specimen types is needed. Second, we did not 
compare assay performance across different real-time PCR 
platforms. The PowerChek MERS assay was developed to allow 
flexibility in the choice of real-time PCR platforms, and can be 
used with the 7500 Fast Real-Time PCR System, CFX96 real- 
time PCR detection system (Bio-Rad, Hercules, CA, USA), 
LightCycler 480 (Roche, Mannheim, Germany), Rotor-gene Q 
(Qiagen, Hilden, Germany), or Mx3005P thermocycler (Agilent 
Technologies, CA, USA); however, we evaluated the perfor- 
mance using only the 7500 Fast Real-Time PCR system. 

In conclusion, the PowerChek MERS assay has good diagnos- 
tic performance for detecting MERS-CoV RNA. This straightfor- 
ward and accurate assay is a useful tool for the rapid diagnosis 
of MERS and could be especially important in control of a 
MERS outbreak. 
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